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Experiment and Optimization of Mode Switching Controlling
Parameters for Agricultural Flexible Chassis
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Abstract ; Agricultural flexible chassis is a kind of vehicle with four-wheel independent steering and four-
wheel independent driving. There are four special motion modes of this chassis, including straight
motion, cross motion, diagonal motion and in-place rotation. Each motion is achieved by controlling the
steering stepper motor and the electromagnetic friction lock. For exploring the best controlling parameters
of mode switching( MS) , a binary quadratic rotation combination test was conducted by using a self-made
flexible chassis test bench. The speed of the steering stepper motor and the locking voltage of the
electromagnetic friction lock were selected as two factors in the test. The entropy method was then used to
establish comprehensive evaluation index ( CEI) for MS effect integrating the longitudinal force, lateral
force, torque of chassis and the angle error of the off-centered arm. Analyses were presented about the
influence of two factors on MS effect for the cross motion mode and the in-place rotation mode meanwhile.
The regression equation of the CEI and the two factors was also established by Design-Expert 8. 0. The
optimal combinations of controlling parameters for these two modes were afterwards obtained by using
response surface methodology and finally validated by experiments. The results showed that these two
factors and their interactions had extremely significant influence on the CEI (P < 0.01). The optimal
combination of rotation speed and voltage for these two modes was 81 r/min, 4.60 V and 91 r/min, 4.41 V,
respectively. The maximum relative error between the calculated and experimental values of the CEI was
4.73% . These conclusions can provide references for the study about motion control of agricultural
electric chassis.
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Fig.1 Schematic of overall structure for flexible chassis
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Fig.2 Diagram of steering control system and schematic
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Tab.1 Experimental factors and codes

iy %
BUEHE 2,/ VS v,/ (romin 1)
1.414 8.00 180. 00
1 7.12 156. 00
0 5.00 97.50
-1 2.88 39.00
-1.414 2.00 15. 00
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Tab.2 Binary quadratic rotation combination test design and results
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J?%’ : : y1/N ¥,/N 9/3/( N-m) }‘4/(0) Yy Y,/N Y,/N Ys/(N‘m) Y4/( °) Y,
1 -1 -1 18. 01 20. 88 5.99 2.52 0.6346 22.01 22.82 4.98 2.12 0.5195
2 1 -1 26. 65 36.34 12. 81 3. 64 0. 266 6 29. 65 33.02 9. 89 2.35 0.3022
3 -1 1 38. 84 39.22 12.29 3.45 0.2449 22.04 32.96 5.84 1.85 0.480 8
4 1 1 40. 52 42.51 31.38 3.42 0.1225 35.82 38. 08 28. 61 2.41 0.0870
5 -1.414 0 15.41 36. 62 9.47 3.25 0.3889 16. 11 33.99 3.53 1.76 0.5574
6 1.414 0 20. 74 47.82 24.73 3.54 0.1647 31.74 41. 88 21. 81 2.23 0.1654
7 0 -1.414 35.16 14. 04 11.97 2.52 0.5929 30. 16 19. 84 6. 89 2.68 0.3616
8 0 1.414 55.22 35.58 21.87 3.51 0.1548 37.22 29.61 18.91 2.36 0.2029
9 0 0 10. 58 13.79 16. 86 0.98 0.9253 6. 04 5.93 16. 88 0.99 0.9251
10 0 0 10. 04 12.26 16.98 1.32 0.8755 6.58 6.22 14.95 1.05 0.9127
11 0 0 11.32 11.41 15.21 1.42 0. 868 3 7.32 5.37 14. 41 1.12 0.909 3
12 0 0 10. 42 12. 06 15.34 1.02 0.938 1 7.42 7.01 12. 56 1.03 0.9390
13 0 0 12. 36 13.24 14. 21 1.11 0.9138 8.36 6. 34 13.23 1.03 0.9051
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Tab.3 Variance analysis for regression model

of comprehensive evaluation index

B Sk CEOOR AW ¥y F P
R 132 5 0.26  216.35 <0.000 1
X, 0.082 1 0.082 67.22 <0.0001
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Tab.4 Calculations of comprehensive evaluation model

and experimental values under optimal combination
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